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=UL/v t~, and k &&L, the spectrum should take on a universal form independent of the driving mechanisms and dependent only upon the energy transfer rate t. ; dimensional reasoning then yields ek ""/e'" =f(k/~) .
With the added assumption of local isotropy, e =E(k)/4nk ',
where E(k) is the energy density per unit scalar wave number on a sphere with radius of wave number k, so that the universal form is given by ' since these eigenfunctions constitute an intrinsically defined and optimal basis set. This we now discuss briefly.
We continue to consider turbulent flows which are statistically stationary in time and denote the velocity by v (v f v2 v3), and by e = "r, (x)r;(x)dx) = Tr)(=g). ",
(is)
An eigenvalue k"represents the average energy allocated to the projection of the velocity field along the corresponding mode I(II"). Thus the summation in (14) 
and hence
Here q represents the "vertical quantum number" of the correlation operator, and we have introduced the parameters of the problem.
If we apply to (17) the dimensional reasoning used above to obtain (4), we obtain for k»L ' and for
Re t (x) that uct of the velocity fields,
and from this the empirical (vector) eigenfunctions are then given by
The kernel K is a Hermitian, non-negative operator, and under mild assumptions, the empirical eigenfunctions can be shown to form a complete orthonormal set. Furthermore, in a well-defined sense this set, ordered by declining eigenvalues and truncated at any point, is the optimal partial basis set by which to represent a flow. It follows from these properties that the energy is given by each other, which observation becomes clear when we note that isotropic turbulence with Kolmogorov spectrum yields a particular case of (20) Fig, 1 . Data based on channel calculation of Kim, Moin, and Moser (Ref. 27) . (129 grid Figure 2 derives from the simulation of Kim, Moin, and Moser for a similar geometry but the substantially higher (though low) Reynolds number of Re=3300. A more pronounced inertial range may be seen for modes with wave number at several angles to the mean flow and with first quantum number.
In Fig. 3 at the modest Rayleigh number of Ra =4.7 x 10, " for convection whose flow is constrained within a rectangular solid with square base. In this geometry there is no remaining translational invariance, and the wave-number concept is inapplicable to the flow eigenfunctions; again the energy eigenvalues show the --" , power scaling across a short but evident inertial range.
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